Objective: To examine the value of a repeat measurement some days after the first cervical length measurement done at the time of preterm contractions. Study Design: Retrospective study involving women with singleton pregnancies who presented with preterm contractions at 24 to 33 + 6 weeks of gestation. The cervical length was measured at the time of presentation and some days afterwards. Results: The study population consisted of 17 cases with a preterm delivery within 14 days and 288 uneventful pregnancies. Univariate logistic regression analysis indicated a significant correlation between delivery within 14 days and both, the first and second cervical length measurements as well as the difference between the two measurements. Up to a false positive rate of 20 %, ROC curve analysis showed an improved detection rate for preterm delivery by inluding both measurements. At a false positive rate of 10%which corresponds to a first and second cervical length of 10 and 9 mmthe detection rate was 17.6 % with the first cervical length measurement, 47.0 % with the second and 52.9 % if the difference between both measurements was added. Conclusion: Our results indicate that in women with symptoms of preterm labor it is worth to repeat the measurement some days later and to take into account the difference between both measurements.
Objective: To examine the value of a repeat measurement some days after the first cervical length measurement done at the time of preterm contractions. Study Design: Retrospective study involving women with singleton pregnancies who presented with preterm contractions at 24 to 33 + 6 weeks of gestation. The cervical length was measured at the time of presentation and some days afterwards. Results: The study population consisted of 17 cases with a preterm delivery within 14 days and 288 uneventful pregnancies. Univariate logistic regression analysis indicated a significant correlation between delivery within 14 days and both, the first and second cervical length measurements as well as the difference between the two measurements. Up to a false positive rate of 20 %, ROC curve analysis showed an improved detection rate for preterm delivery by inluding both measurements. At a false positive rate of 10%which corresponds to a first and second cervical length of 10 and 9 mmthe detection rate was 17.6 % with the first cervical length measurement, 47.0 % with the second and 52.9 % if the difference between both measurements was added. Conclusion: Our results indicate that in women with symptoms of preterm labor it is worth to repeat the measurement some days later and to take into account the difference between both measurements. Introduction ! Prematurity remains one of the leading causes of perinatal morbidity and mortality as well as long term disability. Approximately 30% of preterm births are the result of idiopathic preterm labor. However, only about 10-15% of women presenting with symptoms of preterm labor deliver within the next two to seven days [1] . Therefore, it is not only critical to continue to search for effective therapies for preterm labor but also to improve our ability to identify patients that require treatment. It has been shown that clinical examination, including digital examination of the cervix and uterine monitoring, fails to reliably identify the population of women that is destined to delivery within days of presentation. Therefore, a number of attempts have been made to develop tools that would help to distinguish between true and false preterm labor. The Health Technology Assessment (HTA) study from Honest et al. highlighted several approaches that appear to be useful in distinguishing patients that will deliver shortly after presentation and those that will not. The factors that they found to increase risk of premature delivery included short cervical length measured by transvaginal ultrasound and identification of endocervical funneling, absence of fetal breathing movements, elevated amniotic fluid interleukin-6 level, and elevated maternal serum C-reactive protein [2] . Other studies have identified cervical fetal fibronectin as a possibly useful predictor [3] . The most studied modality in this arena has been cervical assessment using transvaginal ultrasound [4] [5] [6] [7] [8] [9] . This is due to the fact that transvaginal ultrasound is of no risk to the mother and the fetus, it is readily available and relatively easy to use, and the results are rapidly available at the bedside. In a meta-analysis of Sotiriadis et al. the authors tried to generate the most informative cervical length cut-off. They found that with a cut-off of 15 mm, the detection rates for delivery within 48 hours, seven days, and before 34 weeks were 71 %, 60 % and 46 %, respectively for false positive rates of 13 %, 10 % and 6 %, respectively [10] . Hiersch et al. investigated whether cervical length cut-offs vary according to gestational age for delivery within 14 days after presentation [11] . They held the negative predictive value at 90% and found that the optimal cut-offs are 12, 14, 21 and 40 mm at 32-33, 30-31, 27-29 and 24 to 26 weeksʼ gestation, respectively. This study does suggest that adjusting cut-off according to gestational age may be appropriate. However, the cut-offs themselves are brought into question by the fact that the median cervical length at 24-26 weeksʼ gestation is only about 35 mm making their cutoff of 40 mm improbable [12] . There is ample evidence that transvaginal ultrasound assessment of the cervix and measurement of its length are helpful in predicting the risk of delivery in patients presenting with preterm contractions. However, much less is known about whether the predictive accuracy could be improved by obtaining serial measurements of the cervix after admission [13] [14] [15] [16] . Intuitively, one would assume the cervix is more likely to progressively shorten in patients with true preterm labor as compared to patients with false preterm labor [13] . This could provide an additional way to establish an individualized risk of preterm birth. It could influence decisions regarding admission at a hospital that has the ability to provide neonatal intensive care and the length of admission. It could also influence decisions regarding tocolysis and corticosteroid administration to improve fetal lung maturity [17] .
Zusammenfassung
In this study, we examine the value of a repeat measurement some days after the first cervical length measurement done at the time of the patientʼs presentation with preterm contractions.
Materials and Methods

!
Inclusion criteria
This is a retrospective study involving all women with singleton pregnancies who presented to the perinatal unit at the University Hospital of Tuebingen, Germany with painful and regular uterine contractions at 24 to 33 + 6 weeks of gestation between 2011 and 2014. Women with ruptured membranes, history of conization of the cervix, those who had a cerclage placed in the current pregnancy, and those in active labor (defined by the presence of cervical dilatation of ≥ 3 cm) were excluded.
Data search
The patients were searched for using our digital perinatology database. The following data were recorded: gestational age at presentation, gestational age at delivery, initial digital cervical assessment (cervical dilatation of ≥ 3 cm or not), cervical length measurements using transvaginal ultrasound at various points during the patientʼs hospitalization, maternal age and weight, gravidity and parity, white blood cell count, maternal serum Creactive protein levels, and presence or absence of bacterial vaginosis.
Medical treatment and recording
The perinatal unit at the University Hospital of Tuebingen is a tertiary referral center with about 3000 deliveries a year. At our institution, standard management of women suspected to be in preterm labor includes a transvaginal measurement of the cervical length by an experienced obstetrician, administration of tocolytics (in general oral nifedipine) for no more than 48 hours, administration of steroids and vaginal progesterone if the cervical length is 25 mm or less, and antibiotics if an ascending infection is suspected [9, [17] [18] [19] [20] [21] [22] . The cervical length is reassessed after two to five days after the initial assessment. The time interval between the two measurements depends on the patientʼs symptomatology. All available ultrasound data were entered into a digital database (Viewpoint, GE Healthcare, Munich, Germany). The outcome of the pregnancies was added as soon as it was available. According to the German legislation and internal SOP, the retrospective analysis of data of our patients does require an approval of the local IRB. However, the local ethical committee was informed about the study (Project No. 447/2105R).
Statistical analysis
Univariate logistic regression analysis was used to examine significant covariates for a delivery within 14 days and before 34 + 0 weeks of gestation. A ROC curve analysis was used to compare the first and second cervical length measurement and the additional assessment of the difference between both measurements (measurement 2measurement 1). A p-value of 0.05 was used as significance level.
Results
!
Description of the study population
The study population involved 310 pregnancies. Mean maternal age and weight was 31.0 (± 5.8) years and 70.2 (± 13.2) kg, respectively. 306 (98.7 %) were Caucasians. 193 (62.3%) were nulliparous and 27 (8.7 %) had a history of a preterm delivery before 37 weeksʼ gestation. Mean gestational age at the time of delivery was 37.5 (± 3.1) weeksʼ gestation. In 6 (1.9%), 32 (10.3 %) and 99 (31.9 %) of the cases, delivery occurred before 28, 34 and 37 weeksʼ gestation, respectively. Delivery within 7 and 14 days of presentation occurred in 14 (4.5 %) and 22 (7.1 %) of the cases, respectively.
First and second measurement of the cervical length
Mean gestational age at the time of the first examination was 29.0 (± 3.0) weeksʼ gestation and mean cervical length was 19.4 (± 8.6) mm. In 5 (1.6%) cases, delivery occurred in less than 48 h, so that a second cervical assessment could not be performed. In this group, mean cervical length was 3.2 mm (cervical length measurements 0.0, 0.0, 2.0, 6.0 and 8.0 mm). These five cases were excluded from further analysis. In the remaining 305 pregnanciesincluding 17 and 27 cases with preterm delivery within 14 days and before 34 weeks respectivelythe cervical length was reassessed 3.6 days (± 1.5) days later. The average cervical length at the time of the second measurement was 19.1 (± 8.6) mm (l " Fig. 1 ). Mean time interval between both measurements did not correlate with the difference between the two measurements (r = 0,015; p = 0.799).
Within the group of pregnancies that were delivered within the subsequent 14 days, the relationship between both measurements was cervix2 = 0.842 × cervix1 (p ≤ 0.001, r = 0.950) while it was cervix2 = 0.971 × cervix1 in the group of women who remained undelivered (p ≤ 0.001, r = 0.987).
Comparison of different regression models
Univariate logistic regression analysis indicates a significant correlation between delivery within 14 days of presentation as well as delivery before 34 weeks and both the first and second cervical length measurements as well as the difference between the two measurements (l " Table 1 ). l " Fig. 2 contains ROC curves for the prediction of preterm birth within 14 days based on the first and second cervical length measurement with and without the difference between both measurements. The ROC curves are based on the multiple regression analysis as shown in l " Table 2 . It can be clearly seen that the addition of the difference between both measurements improves the model up to a false positive rate of 20%. At a false positive rate of 10 %which corresponds to a first and second cervical length of 10 and 9 mmthe detection rate was 17.6 % with the first cervical length measurement, 47.0 % with the second and 52.9 % if the difference between both measurements is added to the first or the second cervical length. Similarly, the ROC curve analysis for the prediction of preterm birth before 34 weeks indicates that, up to a false positive rate of 20 %, the model based on the first cervical length measurement can be improved by taking into account the difference between the measurements (l " Fig. 3 , Table 2 ). However, the model based on the second cervical length measurement does not improve with the addition of the difference between measurements. At a false positive rate of 10%, the detection rate was 18.5 % with the first cervical length measurement and 29.6 % if the difference is added. The detection rate for the second measurement was also 29.6 % and remained unchanged if the difference was added.
Discussion
!
In this study we have shown that in women with threatened preterm labor a repeat measurement some days after the first cervical length measurement is helpful to predict the further course of the pregnancy. This is particularly the case in women with a cervical length of 10 mm or less. Table 2 Logistic regression models in the prediction of preterm delivery within 14 days and before 34 weeksʼ gestation. In the first two models, either the first or the second cervical length measurement is used. In the third and fourth model the difference between both measurements is added to the first or second measurement. Our data is consistent with results of several previously published studies that focused on the cervical length measurement in threatened preterm labor [2, 6, 10, 22, 23] . Most studies have used a cut-off of 15 mm [15] . Combined data from three studies that included 510 women with singleton pregnancies presenting in spontaneous preterm labour revealed that 49% of women with a cervical length < 15 mm delivered within seven days of presentation whereas only 1% did so if the cervical length was ≥ 15 mm [17] . In an HTA report by Honest et al., the authors demonstrated that the risk for delivery within seven days of presentation was increased 8.6 fold if the cervical length was 15 mm or less. Alfirevic et al. took this concept a step further [22] . They conducted a prospective multicenter study where women with preterm contractions were divided into two arms. In one arm, a transvaginal ultrasound cervical measurement was performed and if the cervical length was more than 15 mm, they were managed expectantly without corticosteroids administration. Patients in the control arm were managed based on clinical assessment without sonographic cervical assessment [16] . The study was designed to evaluate the ability of the two approaches to identify women who will or will not deliver within seven days of presentation. The authorsʼ focus was on the resultant appropriate versus unnecessary corticosteroid administration. They found that only 14 % received an unnecessary course of corticosteroids in the study arm, which compared favourably with the control group where 90% received corticosteroids unnecessarily. In women who do not deliver within the first 2-3 days of admission, a second cervical measurement or the change between the two measurements may improve our ability to predict the risk of subsequent delivery. In our study, the ROC curve analysis showed that up to a false positive rate of about 20% the second cervical length measurement performed better than the first one. Combination of the first or second cervical length measurement with the difference between both measurements was better than a single measurement alone. Sotiriadis et al. examined 122 women with preterm contractions and measured the cervix twice, at presentation and after 24 hours. They also found that the positive predictive value of the first cervical length measurement was increased by adding the difference between both measurements [15] . Rozenberg et al. examined 109 patients with threatened preterm labor at presentation and 48 hours later. They excluded women with a cervical length with more than 26 mm and women who delivered before a second measurement was performed [24] . In their study, the authors did not observe a benefit of adding the difference between the two measurements to the risk calculation based on the first measurement alone. Fox et al. measured cervical length in asymptomatic women between 16 and 28 weeksʼ gestation. If the cervical length was less than 25 mm, they repeated the measurement three weeks later. They reported that decrease in cervical length correlated with earlier gestational age at delivery and with an increased proportion of women delivering before 37 weeksʼ gestation [23] . Moroz et al. reported on 2695 asymptomatic women with consecutive cervical length measurements after a median time interval of four weeks [16] . In the 250 women with a cervical length of less than 25 mm, for every one millimeter shortening, the risk for preterm delivery increased by 3 %. The main limitation of our study is the retrospective character. Furthermore, although our study population is reasonably large, there are still only 17 and 27 women with preterm delivery within 14 days and before 34 weeks. The fact that most published studies include a smaller number of symptomatic women points to the need to perform a multi-center study in order to show significant differences. Generally, most studies focus on a time interval of seven days rather than 14 days. However, as the second measurement was 3.6 days later, we felt that the second measurement would be too close to the point of interest. In addition, in view of the further management, it is not only important to know how the management within the next few days should look like but also to plan a step further. Our data confirms that in patients with preterm contractions, the management depends on the cervical length measurement. The first cervical length measurement at the time of presentation is essential in terms of the short term management. However, if the pregnancy carries on for the next few days, a second cervical assessment is useful. Especially in those cases with a short cervix of 10 mm or less, the detection rate of a preterm delivery within the following days can be substantially improved by the second measurement and by taking into account the difference between both measurements. Assessment of the cervical length is crucial in women presenting with preterm contractions. Our results indicate that it is worth to repeat the measurement some days later and to take into account the difference between both measurements.
